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ABSTRACT: Renewable energy resources (RES) are being increasingly connected in
distribution systems utilizing power electronic converters. Among the Renewable energy
resources most abundantly available throughout the earth is wind generation system. This
project presents a novel control strategy for achieving maximum benefits from these grid-
interfacing inverters when installed in 3-phase 4-wire distribution systems. To alleviate the
impact registered by unbalanced and harmonic distortion, a new circuit topology comprising
a dynamic voltage restorer (DVR) and an active power filter (APF) is presented. A frequency
shifting technique based on coordinate transformation is employed to unify the positive and
negative sequence harmonics into a resonant current controller. To improve the accuracy for
harmonic detection, a second-order generalized integrator (SOGI), characterized with large
bandwidth at specific frequency, is capable of separating harmonics from feeder current. The
fundamental and harmonic current controllers can be individually realized by the resonant
current controller and combined to form voltage command for a voltage-sourced inverter
(VSI) based on superposition theorem. Not only the computing time but also the harmonic
currents in the feeder can be effectively reduced along with the proposed approach. To share
the dc-circuit with the DVR, the APF and DVR are in back-to-back connection in favour of
unbalanced and harmonic compensation for specific grid bus. The proposed system is
controlled using fuzzy logic controller and performance is compared with conventional
controller by using Matlab/Simulink software.

Keywords: Renewable energy resources (RES), Dynamic voltage restorer (DVR), second-
order generalized integrator (SOGI), active power filter (APF), voltage-sourced inverter

(VSD

1. INTRODUCTION
WIND energy is gaining popularity all kilowatt-hour (kWh) is high in later .The
over the world as it is environment- contribution of these renewable energy
friendly renewable energy source . It has systems to the power system has been
advantage over other renewable energy increased rapidly. DFIG based wind
sources like solar energy ,as cost per turbine offer several advantage over Fixed
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speed induction generator (FSIG)[1]-[4].
Advantages are variable-speed operation,
independent control of active [6] and
reactive power[5], and its partially rated
power converter. It has low converter costs
and reduced power losses [6],[7With the
increasing amount of sensitive devices
(power electronic devices) that are quite
sensitive to power quality disturbances in
the supply network, the problem of
compensation of power quality
disturbances is ever increasing. Power
quality disturbances are categorized into
voltage sags, voltage swells, transients,
harmonics, interruptions etc. They can
cause many technical problems (such as
overheating, mis-operation, early aging of
the devices, etc.) and financial losses to the
power system operators and their
customers. There are different ways to
improve  power quality such as
Distribution Static synchronous
Compensator (DSTATCOM), Dynamic
Voltage Restorer (DVR), Active Filter
(AF), Unified Power Quality Conditioner
(UPQC), etc. Among these, the DVR is
one of the most effective and cost-efficient
devices which can wused in power
distribution system.

Using DVR 1n the distribution system for
power quality improvement has been
analyzed and proposed through many
publications.
studies using a DVR for mitigating voltage
sag due to starting of the induction motor
and asynchronous motor, respectively. In a
DVR is used to mitigate balanced voltage

References introduced

sags/swells. The performance of the DVR
under different voltage sag conditions due
to the different types of short circuit faults
in the power system is presented. In other
works, a DVR not only mitigates voltage
sags/swells but also performs harmonics
compensation, where the DVR s

wWWww.ijiemr.org

controlled and designed to perform one or
several functions. It is the motivation of
this paper where the authors focus on
design and control algorithms of the DVR
with multi-functional capabilities, which
can solve all the cases mentioned above
with efficiency, accuracy and fast response
time.In, we presented a double-loop
controller using proportional integral (PI)
controllers in the rotating frame. In this
research, PI controllers are able to achieve
a good performance both for balanced and
unbalanced voltage sags. The disadvantage
of this method is that the controller is
designed in the rotating frame so that it
requires the transformation from three-
phase system to the coordinate system and
in consequence back to the rotating system
and inversely. Consequently, the control
method is effective, but its structure is
complex. In proportional resonant (PR)
controllers in a stationary frame were
presented. Compared with PI controllers,
the complexity of PR controllers is
reduced considerably, combined with its
good performance. However, in case when
only one symmetrical sequence needs to be
compensated, the PR controllers lose their
advantage because they cannot regulate
positive- or negative-sequence components
separately. To alleviate the disadvantage of
PR controllers, a sequence-decoupled
resonant (SDR) controller is presented,
which can deal with each sequence
component individually.
2 Controller Design

2.1 APF Controller Design

Fig.1 shows an ac circuit of a VSI. The
voltage across the coupled inductor can be
altered by modulating the inverter output
voltage (er). Therefore, the current fed
from the inverter is controllable with
appropriate inverter output voltage control.
The relation among voltages and currents
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in Fig.1 can be represented in the
stationary reference frame (af-axis) in
time domain

SCIG

Vsl v I Ly . terminal
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1". i
Pf ‘"L) I.’I

Fig.1. One-line diagram of a two-bus
circuit.
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By using the frequency-shifting theorem,
(2) can be transformed to the synchronous
reference frame (d-g-axis)
e =V =rif +(s+ j@,) L,if

3)
To enable the VSI absorbing the specific
current harmonics presented at SCIG
terminal, a controllers simplification ]
that transforms the current harmonic pair
with rotating speed of (6n*1)wy to the d-q-
axis and causing the current vector with
respect to the d-g-axis with the same
rotating speed (6nwp). (As shown in Fig.2,
both the relative rotating speeds of the
fifth- and seventh-order  harmonics
corresponding to the d-g-axis are equal to
6wg). To achieve sinusoidal current
tracking for the model expressed in the d-
gaxis, a harmonic compensator in the
fashion of the PI controller can be
modified in the form as
(K. +A) sK,+(K,+A)

G =K +
¢ r s s

4)
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Fig.2. Harmonic vectors in d-q-axis.

Applying the frequency-shifting theorem,
(4) can be tuned capable of compensating
the harmonics vectors with the rotating
speeds of +6n®w0 and -6nw0, respectively,
as

G = (s—jonm,) K, +(K,+A) _ K, s+K,

¢ (s—j6nam,) " s— j6na,
()
And
K s+K.
e ki)
‘st j6w,
(6)

where A=£j6nw0 for the purpose of
simplification. Summation of (5) and (6)
gives a harmonic compensator for enabling
the VSI to absorb one current harmonic
pair (6n*1)w, at the SCIG terminal:

_ K s +K.s
G.=G'+G =2—= "

2

o+ (6na, )
(7)
2.2 Vector Representation of
Symmetrical Components
Eq. (8) shows the vector representation for
each phase voltage of a three-phase
system.
Vo (£) = Vi () + 95 (1)
Vi (£) = v (2) + v, (1)
(8)

v . (t)=v,, (:)+_j1’ﬁc_ (2)
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where the real- and imaginary- parts (or
components in the of}-axis) can be
extracted by the a second order generalized
integrator (SOGI) that is used to convert
the three-phase voltages (va, vb, vc) to
three voltage vectors (vaaP, vbaf,
vcaf)where the components in ap-axis are
the same magnitude and orthogonal to
each other. The SOGI also behaves similar
to a band-pass filter which have large gain
at grid frequency and is beneficial to reject
the harmonic distortion and typically
circuit disturbance!'* see fig 3

Because the vector representation in (8)
involves the information of angular
frequency, the associated symmetrical
components are time dependent[13].
Expansion of (8) gives the zero sequence
vector, positive sequence vector, and
negative sequence vector as

vo (1) =vo, + jvg,

:_;[va'u +vc¥b+vm:-)

+j%(vﬁa + Vg + Vg, )

v (6) =V, +jvp,

(10)
v, (.") =, + jvg,
1

— YE) e
_g(va*a—i cr.ry+uvj3.|‘: %va’r-mzivﬁr)

-1 W3 N3
+j§(vﬁa — g Yo '—Tivﬁh + 5 Ve _évﬁr)

(11)
The positive sequence component derived
from (10) is the key technique to resolve
the dynamic symmetrical components
from the instantaneous voltage vector!'*.
With the voltage vectors in hand, the phase
of the positive sequence voltage can be
estimated by a software phase locked loop
(SPLL) and regarded as the phase
command for the DVR.
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Flg 3 Block diagram of the DVR and APF
controllers for a grid-tied SCIG system.

3. Proposed work:

A IMPORTANCE OF FUZZY LOGIC
Fuzzy logic is all about the relative
importance of precision: use as Fuzzy
Logic Toolbox software with MATLAB
technical computing software as a tool for
solving problems with fuzzy logic. Fuzzy
logic is a fascinating area of research
because it does a good job of trading off
between significance and precision
something that humans have been
managing for a very long time. In this
sense, fuzzy logic is both old and new
because, although the modern and
methodical science of fuzzy logic is still
young, the concept of fuzzy logic relies on
age-old skills of human reasoning.
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B USAGE OF FUZZY LOGICFuzzy
logic is a convenient way to map an input
space to an output space. Mapping input to
output is the starting point for everything.
Consider the following examples:

With information about how good
your service was at a restaurant, a
fuzzy logic system can tell you
what the tip should be.

With your specification of how hot
you want the water, a fuzzy logic
system can adjust the faucet valve
to the right setting.

With information about how far

away the subject of your
photograph is, a fuzzy logic
system can focus the lens for you.
With information about how fast

the car is going and how hard the
motor is working, a fuzzy logic
system can shift gears for you.

To determine the appropriate
amount of tip requires mapping inputs to
the appropriate outputs. Between the input
and the output, the preceding figure shows
a black box that can contain any number of
things: fuzzy systems, linear systems,
expert  systems, neural  networks,
differential equations, interpolated
multidimensional lookup tables, or even a
spiritual advisor, just to name a few of the
possible options. Clearly the list could go
on and on.Of the dozens of ways to make
the black box work, it turns out that fuzzy
is often the very best way. As Lotfi Zadeh,
who is considered to be the father of fuzzy
logic, once remarked: "In almost every
case you can build the same product
without fuzzy logic, but fuzzy is faster and
cheaper".

wWWww.ijiemr.org

C CONVENIENCE OF FUZZY
LOGICFuzzy logic is not a cure-all.
When should you not use fuzzy logic? The
safest statement is the first one made in
this introduction: fuzzy logic is a
convenient way to map an input space to
an output space. Fuzzy logic is the
codification of common sense — use
common sense when you implement it
and which will probably make the right
decision. Many controllers, for example,
do a fine job without using fuzzy logic.
However, it take the time to become
familiar with fuzzy logic, it can be a very
powerful tool for dealing quickly and
efficiently  with
nonlinearity.

imprecision and

D The Fuzzy Logic Concept Fuzzy
logic arose from a desire to incorporate
logical reasoning and the intuitive decision
making of an expert operator into an
automated system. The aim is to make
decisions based on a number of learned or
predefined rules, rather than numerical
calculations. Fuzzy logic incorporates a
rule-base structure in attempting to make
decisions. However, before the rule-base
can be used, the input data should be
represented in such a way as to retain
meaning, while still allowing for
manipulation. Fuzzy logic is an
aggregation of rules, based on the input
state  variables  condition with a
corresponding  desired  output. A
mechanism must exist to decide on which
output, or combination of different
outputs, will be used since each rule could
conceivably result in a different output
action.Fuzzy logic can be viewed as an
alternative form of input=output mapping.
Consider the input premise, X, and a
particular qualification of the input x
represented by Ai. Additionally, the
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corresponding output, y, can be qualified
by expression Ci . Thus, a fuzzy logic
representation of the relationship between
the input x and the output y could be
described by the following:

R1:IFxis Al THEN y is C1

R2: IF x is A2 THEN y is C2

Rn: IF x is An THEN y is Cn

where X is the input (state variable), y is
the output of the system, Ai are the
different fuzzy variables used to classify
the input x and Ci are the different fuzzy
variables used to classify

the output y. The fuzzy rule representation
is linguistically based .Thus, the input x is

wWWww.ijiemr.org

29

set instead of ‘‘fuzzy variable’’,
however; the concept remains the same.
Table 4.1 illustrates the difference between
fuzzy variables and linguistic variables.
Once the linguistic and fuzzy variables
have been specified, the complete
inference system can be defined. The
fuzzy linguistic universe, U, is defined as
the collection of all the fuzzy variables
used to describe the linguistic variables
.1.e. the set U for a particular system could
be comprised of Negative Small (NS),
Zero (ZE) and Positive Small (PS). Thus,
in this case the set U is equal to the set of
[NS, ZE, PS]. For the system described by
, the linguistic universe for the input x
would be the set Ux . .A1A2 . . . An..
Similarly,

TABLE 1 Fuzzy and linguistic variables

Linguistic Varia bles Fuzzy Vari ables (Lin guistic Jua li-

fiers)

a linguistic variable that corresponds to the Speed error (SE)  Negative large (NL)

. . A Position error (PE) Lern (£E)
state variable under consideration. Acceleration (AC)  Positive medium (PM)
Furthermore. the elements Ai are fuZZy Derivative of (DPE)  Positive very small (PVS)

b 5 e
. . . position error
variables that describe the input x. Speed (SP)  Negative medium small (NMS)

Correspondingly, the elements Ci are the
fuzzy variables used to describe the output
y. In fuzzy logic control, the term
“linguistic variable’’ refers to whatever
state variables the system designer is
interested in . Linguistic variables that are
often used in control applications include
Speed, Speed Error, Position, and
Derivative of Position Error. The fuzzy
variable is perhaps better described as a
fuzzy linguistic qualifier. Thus the fuzzy
qualifier performs
classification(qualification) of the
linguistic variables. The fuzzy variables
frequently employed include Negative
Large, Positive Small and Zero. Several
papers in the literature use the term ‘fuzzy

The linguistic universe for the output y
would be the set Uy . .CaC2 ... Cn.

The Fuzzy Inference System (FIS) The
basic fuzzy inference system (FIS) can be
classified as: Type 1 Fuzzy Input Fuzzy
Output (FIFO)

Type 2 Fuzzy Input Crisp Output (FICO)

Type 2 differs from the first in that the
crisp output values are predefined and,
thus, built into the inference engine of the
FIS. In contrast, type 1 produces linguistic
outputs. Type 1 is more general than type
2 as it allows redefinition of the response
without having to redesign the entire
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inference engine. One drawback is the
additional step required, converting the
fuzzy output of the FIS to a crisp output.
Developing a FIS and applying it to a
control problem involves several steps:

1. Fuzzification

2. Fuzzy rule evaluation (fuzzy inference
engine)

3. Defuzzification.

The total fuzzy inference system is a
mechanism that relates the inputs to a
specific output or set of outputs. First, the
inputs are categorized linguistically
(fuzzification), then the linguistic inputs
are related to outputs (fuzzy inference)
and, finally, all the different outputs are
combined to produce a single output
(defuzzification). Figure 4 shows a block
diagram of the fuzzy inference system.

Fig .4 Fuzzy inference system.
E Fuzzification:

Fuzzy logic uses linguistic
variables instead of numerical variables.
In a control system, error between
reference signal and output signal can be
assigned as Negative Big (NB), Negative
Medium (NM), Negative Small (NS), Zero
(ZE), Positive small (PS), Positive
Medium (PM), Positive Big (PB). The

—) T = o w0

wWWww.ijiemr.org

triangular membership function is used for
fuzzifications. The process of fuzzification
convert numerical variable (real number)
to a linguistic variable (fuzzy number).
Simply the process of converting a
numerical variable (real number) convert
to a linguistic variable (fuzzy number) is
called fuzzification.

F.Defuzzification: The rules of fuzzy
logic controller generate required output in
a linguistic variable (Fuzzy Number),
according to real world requirements;
linguistic variables have to be transformed
to crisp output (Real number). This
selection of strategy is a compromise
between accuracy and computational
intensity.

The rules of FLC generate required output
in a linguistic variable (Fuzzy Number),
according to real world requirements,
linguistic variables have to be transformed
to crisp output (Real number).

Database: the Database stores the
definition of the membership Function
required by fuzzifier and defuzzifier.

Rule Base: the elements of this rule base
table are determined based on the theory
that in the transient state, large errors need
coarse control, which requires coarse in-
put/output variables; in the steady state,
small errors need fine control, which
requires fine input/output variables. Based
on this the elements of the rule table are
obtained as shown in Table 4.2, with’ Vdc¢’
and ‘Vdc-ref’ as inputs.

G FUZZY LOGIC CONTROLLER
Fuzzy logic is a method of rule-based
decision making used for expert systems
and process control that emulates the rule-
of-thumb thought process used by human
beings. The basis of fuzzy logic is fuzzy
set theory which was developed by Lotfi
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Zadeh in the 1960s. Fuzzy set theory
differs from traditional Boolean (or two-
valued) set theory in that partial
membership in a set is allowed. Traditional
Boolean set theory is two-valued in the
sense that a member belongs to a set or
does not and is represented by 1 or 0,
respectively. Fuzzy set theory allows for
partial membership, or a degree of
membership, which might be any value
along the continuum of O to 1. A linguistic
term can be defined quantitatively by a
type of fuzzy set known as a membership
function. The membership function
specifically defines degrees of membership
based on a property such as temperature or
pressure. With membership functions
defined for controller or expert system
inputs and outputs, the formulation of a
rule base of IF-THEN type conditional
rules is done. Such a rule base and the
corresponding membership functions are
employed to analyze controller inputs and
determine controller outputs by the process
of fuzzy logic inference. By defining such
a fuzzy controller, process control can be
implemented quickly and easily. Many
such systems are difficult or impossible to
model mathematically, which is required
for the design of most traditional control
algorithms. In addition, many processes
that might or might not be modeled
mathematically are too complex or
nonlinear to be controlled with traditional
strategies. However, if a control strategy
can be described qualitatively by an
expert, fuzzy logic can be used to define a
controller that emulates the heuristic rule-
of-thumb strategies of the expert.
Therefore, fuzzy logic can be used to
control a process that a human can control
manually with expertise gained from
experience. The linguistic control rules
that a human expert can describe in an

wWWww.ijiemr.org

intuitive and general manner can be
directly translated to a rule base for a fuzzy
logic controller.
Figure 5 shows the internal structure of the
control circuit. The control scheme
consists of Fuzzy controller, limiter, and
three phase sine wave generator for
reference  current  generation  and
generation of switching signals. The peak
value of reference currents is estimated by
regulating the DC link voltage. The actual
capacitor voltage is compared with a set
reference value. The error signal is then
processed through a Fuzzy -controller,
which contributes to zero steady error in
tracking the reference current signal. A
fuzzy controller converts a linguistic
control strategy into an automatic control
strategy, and fuzzy rules are constructed
by expert experience or knowledge
database. Firstly, input voltage Vdc and the
input reference voltage Vdc-ref have been
placed of the angular velocity to be the
input variables of the fuzzy logic
controller. Then the output variable of the
fuzzy logic controller is presented by the
control Current /max. To convert these
numerical  variables into  linguistic
variables, the following seven fuzzy levels
or sets are chosen as: NB (negative big),
NM (negative medium), NS (negative
small), ZE (zero), PS (positive small), PM
(positive medium), and PB (positive big)
as shown in Figure 6.

The fuzzy controller is characterized as

follows:

1) Seven fuzzy sets for each input and

output;

2)  Fuzzification wusing continuous

universe of dis-course;

3) Implication using Mamdani's ‘min’

operator;

4) De-fuzzification using the ‘centroid’

method.
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4 MATLAB/SIMULINK RESULTS
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Table 2: Rules for Fuzzy System of the uncompensated SCIG
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5. CONCLUSION
The SCIG system tapped to the distorted
power grid would suffer from the torque
pulsation and which would damage the
rotor bearings and shorten the SCIG
durability. The difficulty to cope with the
power quality problem lies in how to
identify the distortion component from the
distorted voltage or current signal. The
unwanted distortions can be divided into
two categories that is the voltage
unbalance and the current harmonic.
Because the definition of the voltage
unbalance is independent to the harmonic
distortion, the fundamental component
should to be resolved from original voltage
signal with the first priority. In this project,
the three-phase fundamental voltages are
first resolved and vectorized by the SOGI
and the positive sequence component is
then extracted. The fundamental positive
sequence voltage provides with not only
the grid voltage phase for the VSI to
parallel with the power grid but also the
degree of the voltage unbalance for the
DVR to fast compensate the unbalanced
component. The application of the
frequency-shifting theorem and the
coordinate transformation to the APF
controller can simplify the harmonic
compensator design and reduce the
computing time.
FUTURE SCOPE:1)A new DVR Device
is used to compensate the harmonics,
voltage sag and voltage swell and to
improve good stability2)By using Active
Power Filter to reduce the total harmonic
distortion and increase the power quality
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